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IV B.TECH - I SEMESTER EXAMINATIONS - MAY, 2011 RELIABILITY ENGINEERING AND APPLICATIONS TO POWER SYSTEMS (ELECTRICAL AND ELECTRONICS ENGINEERING)



Time: 3hours



Max. Marks: 80 Answer any FIVE questions All Questions Carry Equal Marks ---



b)



Derive a general expression for the unreliability of the system whose reliability model is shown in figure 1. Consider the case in which all parallel branches of this system are fully redundant with an exception of that consisting of components 4, 5 and 6 for which any 2 of the branches are required for system success. [16]



ld .



2.



Derive the expressions for the expected value and standard deviation of binomial distribution? A product is claimed to be 90% free of defects. What is the expected value and standard deviation of the number of defects in a sample of 4? [8+8]
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1. a)
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Figure 1



A simple electronic circuit consists of 6 transistors each having a failure rate of 10-6 f/hr, 4 diodes each having a failure rate of 0.5x10-6 f/hr, 3 capacitors each having a failure rate of 0.2x10-6 f/hr, 10 resistors each having a failure rate of 5x10-6 f/hr and 2 switches each having a failure rate of 2x10-6 f/hr. Assuming connectors and wiring are 100% reliable evaluate the equipment failure rate of the system and the probability of the system surviving 1000 hrs, 5000hrs and also 10000 hrs if all components must operate for system success. [16]



4. a) b)



Explain Markov analysis for state space dependent systems. Define STPM and explain its significance in evaluating limiting state probabilities of various states. [8+8]



5.



The state space diagram and transition rates in f/yr of a continuous Markov process is shown in figure 2. Evaluate the frequency of encountering and duration of residing in each of the three states. [16] 1
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Figure 2



6.



A system consists of two units of 25 MW and one unit of 50 MW. Each unit has a failure rate of 0.01 failures/day and repair rate of 0.49 repairs/day. a) Using sequential addition method, determine the capacity outage cumulative probability table. b) Now if the 50 MW unit is removed, determine cumulative probabilities of various remaining capacity states. [8+8]



7. a)



Explain the use of conditional probability approach in composite system reliability analysis. Explain how the effect of changing weather conditions is modeled. [8+8]



b)
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Consider the radial distribution system with circuit breaker, lateral distributor protection and disconnects as shown in figure 3. 3
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B C Figure 3 The failure rates and repair times of various components are given below. λ (f/yr)



r (hrs)



0.20 0.10 0.10
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Component Section 1 2 3 Distributor a b c
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0.30 0.20 0.20
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Evaluate the basic reliability indices of the system if fuse gear operates with a probability of 0.8. [16]
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Explain the properties of the binomial distribution. The probability of A hitting a target is ½ and the probability that B hits is ¼. If each fire once, what is the probability that the target is hit i) twice ii) only by A iii) only by B iv) not at all? [8+8]



2. a)



A series system has 10 identical components. If the overall system reliability must be at least 0.99, what is the minimum reliability required of each component? Define minimal cut set. Explain the reliability analysis of complex systems using minimal cutest method. [8+8]
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b)
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1. a) b)



Explain in detail the reliability functions f(t), F(t), R(t) and h(t) and also derive the relationship among them. [16]



4. a)



Explain what is meant by limiting state probability and how it is evaluated for discrete Markov chain model of a single component repairable system. Given initial transitional rate of one component repairable model ⎡1/ 2 1/ 2 ⎤ P= ⎢ ⎥ ⎣1/ 4 3 / 4 ⎦ Evaluate the probability of being in state 2 after ‘3’ time intervals given that it is started in state 1 initially. [8+8]
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b)



or



3.



A system contains two components. Both components are required for system success. If one component fails, the other can not fail while the failed component is being repaired. If the component failure rates are λ1= λ2 = 0.1 f/yr and repair rates are μ1 = μ2 = 365 r/yr, determine the probability of failure, the frequency of failure and the average down time of the system. [16]



nt



5.



Define LOLP and LOLE. Explain how loss of load probability can be estimated using load duration curve. [6+10]



7.



Write short notes on: a) Two weather environment - weighted average rate model. b) Decompositions method.
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6. a) b)



[8+8]



8.



Consider a 3 load point radial distribution system shown below in Figure 1. Supply
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λ (f/yr) 0.20 0.10 0.15



Load Point L1 L2 L3



r (hrs) 6.0 5.0 8.0



Number of Average load Customers connected (KW) 200 1000 150 700 100 400
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Line A B C



or



Evaluate the performance reliability indices of the system.



nt



uW



*****



Aj



in



Figure 1 The failure rates and repair times of various components and the number of customers and average load connected to each load point are given below.



[16]
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Explain the properties of the binomial distribution. The probability of A hitting a target is ¼ and the probability that B hits is ½. If each fire once, what is the probability that the target is hit i) twice ii) only by A iii) only by B iv) not at all? [8+8]



2.



Derive an expression for the unreliability of the model shown in figure 1 and hence evaluate the reliability of the system if all components have a reliability of 0.99. [16] 3 2
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1. a) b)



Figure 1



A system is composed of three elements. Component 1 is in series with the parallel redundant combination of components 2 and 3 which are identical. λ1=1 f/yr, λ2=λ3= 3 f/yr, μ1=98 r/yr, μ2=μ3=50 r/yr. i) What is the mean time to failure for this system? ii) Calculate the reliability of this system for a mission of 1000 hr. [16]



4.



Consider the three state systems shown in figure 2 and the transitional probabilities indicated. Evaluate: i) The limiting state probabilities associated with each state ii) The average number of time intervals spent in each state if state 3 is defined as an absorbing state. [16]
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Figure 2



5.



A pumping station has two identical pumps connected in parallel, each capable of supplying 3000 gallons/hr. The failure rate and repair rate of each is 0.5 f/hr and 4 r/hr respectively. Evaluate the frequency of encountering and duration of residing in each possible throughput state. [16]



6.



Consider a system containing five 40 MW units each with a forced outage rate of 0.01. The system load model is represented by daily peak load variation curve shown in figure 3. Compute LOLE. Assume peak load is 160 MW. [16]
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Figure 3



Define and explain various performance indices that are used for the composite system reliability analysis. [16]



8. a) b)



Explain the basic reliability indices of radial networks. Consider a 3 load point radial distribution system shown below in figure 4. Supply
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X
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7.



L1 Figure 4
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C
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The failure rates and repair times of various components are given below.



nt



Line A B C



λ (f/yr) 0.20 0.10 0.15



r (hrs) 6.0 5.0 8.0



Aj



Evaluate the load point reliability indices of the system.
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A die is thrown 6 times. Evaluate the probability of getting two spots on the upper face 0,1,2…,6 times and draw the probability density function and the probability distribution function. [16]



2.



Derive a general expression for the reliability of the system whose reliability model is shown in figure 1. Consider the case in which all parallel branches of this system are fully redundant with an exception of that consisting of components 4, 5 and 6 for which any 2 of the branches are required for system success. [16]
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Figure 1



b)



Develop the state space model of four identical units having capacity of 50 MW each and unavailability of 0.04. Mark the various transitional rates of combined capacity state model if failure rate of each unit is 0.4 failures/ year and 9.6 repairs per year. Hence evaluate the cumulative probability and cumulative frequencies of various combined capacity states. [16]



Aj



5.



Explain the two state Markov process of a single component with repair. Derive the expression for limiting state probabilities of a two component repairable model with identical capacities and identical transitional rates. [8+8]



nt



4. a) b)



A system contains a series of string of components for which ∑λ = 0.005 f/hr. What is the reliability of this system for a mission time of 10 hours? If a similar system is placed in parallel what is the reliability of the configuration for a 10 hour mission? t2 1 − 2 for 0 ≤ t ≤ a a where a is a A component has a reliability function given by R(t) = parameter of the distribution representing the component’s maximum life. Find f(t), h(t) and MTTF. [8+8]
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3. a)



b)



Explain how loss of load expectation is computed with daily peak exceeding the available capacity. Consider that there are two generating units of 25 MW each with a failure rate of each unit is 0.01 failures per day and repair rate of 0.49 repairs per day. The load data is: Daily Peak Load (MW) 57 52 Number of Occurrences 12 83 Compute the loss of load expectation.



8.



[8+8]



Explain how the effect of changing weather conditions is modeled. Two identical transmission lines operate in a two weather environment with a mean normal weather of 10 days and mean severe weather duration of 0.15 days. The line failure rate is 0.00025/day in normal weather and 0.05/day in severe weather. The repair rate is 1/day. Calculate the probability of double failure using weighted average method. [8+8] Explain customer, load- and energy oriented reliability indices of distribution system. [16]
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